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An on-line technique for the determination of chromium species with atomic absorption spectrometry
is described. The method is based on separation and preconcentration of Cr(III) on a microcolumn of
immobilized 8-hydroxyquinoline on surfactant-coated alumina. The adsorbed analyte is then eluted with
400 µL of 20% ethanolic solution of 1.5 mol L−1 hydrochloric acid and is transported to a ﬂame atomic
absorption spectrometer for quantiﬁcation. The eﬀects of pH, sample and eluent ﬂow rate, sorption
capacity, and the presence of various cations and anions on the sorption of Cr(III) were investigated.
The sorption was quantitative in the pH 6-8 range, and for a sample volume of 35 mL a preconcentration
factor of 98 was obtained. Total chromium was determined by eﬃcient reduction of Cr(VI) to Cr(III) with
hydroxylamine. The method was applied to the determination of chromium in electroplating wastewater
samples.
Key Words: Chromium speciation, on-line preconcentration, 8-hydroxyquinoline, alumina, ﬂow injection.

Introduction
Chromium species enter the environment as a result of eﬄuent discharge from several industries, including
steel, electroplating, tanning, and chemical, as well as from oxidative dyeing and water cooling towers.1
Chromium exists in the environment in 2 oxidation states: Cr(VI) and Cr(III). Cr(III) is a nutrient element
used for control of glucose and lipid metabolism in membranes, while Cr(VI) is highly carcinogenic and
mutagenic due to its high oxidative character.2,3 Owing to these contradicting characteristics, chromium
speciation is a hot topic in modern analytical chemistry.4
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Despite the very sensitive analytical methods available, for direct determination of low levels of
chromium species in water, a separation and preconcentration step is required in order to improve their
detectability and to eliminate interferences. For this purpose, various separation and preconcentration
methods, such as coprecipitation,5 liquid-liquid extraction,6 cloud point extraction,7 ion exchange,8 and
solid phase extraction,9,10 have been developed. However, these manual batch procedures are labor-, time-,
and reagent-intensive, and require large volumes of sample. Flow injection (FI) on-line preconcentration
and separation, coupled with ﬂame atomic absorption spectrometry (FAAS), has been shown to be eﬀective in terms of enhanced sensitivity, eﬃcient removal of the matrix, possibility of speciation, high sample
throughput, and high precision.11,12 For speciation of chromium utilizing FAAS, diﬀerent on-line microcolumn enrichments have been devised, including activated alumina,13,14 cellulose sorbent,15 chelating ion
exchanger,16 C18 bonded silica,17 and polyether ether ketone.18 Enrichment factors with the above-mentioned
microcolumns are typically 8- to 100-fold and the detection limit for Cr(III) is between 0.2 and 81 µg L−1 .
Ionic surfactants adsorb on metal oxides, such as alumina19 and iron(III) oxide,20 and form aggregates
known as hemimicelles and admicelles. Hydrophobic chelating agents could easily be immobilized into the
micelles and can be used for the separation and preconcentration of trace metals.21 During the last few
years the eﬀectiveness and versatility of chelating sorbent immobilized on surfactant-coated alumina in ﬂow
injection-atomic absorption spectrometry (FI-AAS) has been demonstrated;22−24 however, to the best of
our knowledge, there is no previous report on the use of modiﬁed alumina for chromium speciation with
FI-AAS.
8-Hydroxyquinoline (oxine) is a well-characterized chelating organic ligand that reacts with several
metal ions under controlled pH conditions.25 8-Hydroxyquinoline and its derivatives have been physically
or chemically bonded onto various supports, including Amberlite XAD-7, Fractogel, chitosan, silicagel,
activated carbon, controlled pore glass, and polyacrylonitrile hollow ﬁber membranes, and has been used for
separation and preconcentration of trace metals in on-line FI analysis.26
Oxine reacts with Cr(III) more rapidly than with other chelating agents.27 Oxine, or its derivatives,
selectively form complexes with Cr(III), but not with Cr(VI).28−30 In this work, the possibility of immobilization of oxine on surfactant-coated alumina was considered and a rapid and accurate FI-FAAS method
for preconcentration and speciation of chromium was developed.

Experimental
Apparatus
A Buck Scientiﬁc model 210 VGP ﬂame atomic absorption spectrometer equipped with a 10-cm air-acetylene
burner was used as the detector. A chromium hollow cathode lamp operated at 6.9 mA was used as the light
source. The wavelength was set at a 357.9-nm resonance line and the monochromator spectral bandpass
was 0.7 nm. The absorbance time response was monitored on a Linseis model L-250 x-t chart recorder.
Quantitative analysis was based on the measurement of peak height of the transient signals.
The FI on-line preconcentration manifold consisted of a peristaltic pump (Ismatic, MS-REGLO/8-100
Switzerland), 2 six-way injection valves (Rheodyne, CA, USA), and a microcolumn of oxine immobilized on
surfactant-coated alumina (PTFE tubing 3 cm long × 1.5 mm i.d.), for on-line preconcentration of chromium.
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Reagents
All chemicals were of analytical reagent grade (Merck, Darmstadt, Germany), and triple-distilled water was
used throughout.
Stock solutions of 1000 µg mL−1 of Cr(III) and Cr(VI) were prepared from chromium(III) chloride
hexahydrates and potassium dichromate, respectively. Working solutions were prepared daily from stock
solutions by serial dilution with water.
Alumina particles (10-50 µm, γ type, chromatographic grade) were puriﬁed by shaking with 5 mol
L

−1

nitric acid and washing 3 times with water.
Sodium dodecyl sulfate (SDS) and oxine were used without further puriﬁcation. An 8-g L−1 oxine

was prepared by dissolving oxine in methanol.
Stock solutions of interfering ions were prepared by dissolving appropriate amounts of ammonium or
nitrate salts in distilled water.

Immobilization of oxine on SDS-coated alumina
To 1.5 g of alumina was added 50 mL of solution containing 100 mg of sodium dodecyl sulfate and the
solution was mixed with a magnetic stirrer. The pH of the solution was adjusted to approximately 2 with 4
mol L−1 hydrochloric acid and was mixed for 10 min. The supernatant was decanted and the SDS-coated
alumina was washed thoroughly with several portions of distilled water. Then, 50 mL of water and 4 mL of
oxine solution were added, and the solution was mixed for 15 min. The mixture was then ﬁltered through a
Millipore ﬁlter, air-dried, and was kept in a closed bottle until use.

Preparation of microcolumn
Microcolumns were manufactured from PTFE (Teﬂon) tubing (3 cm long × 1.5 mm i.d.) and were packed
with about 70 mg of oxine immobilized on surfactant-coated alumina; the ends of the tube were ﬁtted with
glass wool to retain the sorbent in the tube.

Recommended procedure
The pH of the solution was adjusted to ∼6.5 with 0.1 mol L−1 nitric acid or 0.1 mol L−1 NaOH. In
the preconcentration stage the standard solution or sample (35 mL) was passed through the microcolumn
containing oxine immobilized on surfactant-coated alumina at a ﬂow rate 5.0 mL min−1 . The eluent loop was
simultaneously ﬁlled with the eluent solution (400 µL of 20% ethanolic solution of 1.5 mol L−1 hydrochloric
acid) and the baseline was set by pumping the carrier (water at 4.0 mL min−1 ) into the instrument nebulizer.
After the preconcentration stage, the valve was switched and the elution process started. In this
stage the content of the elution loop was displaced by the carrier stream to the microcolumn and, therefore, adsorbed chromium(III) was eluted and transported to the ﬂame atomic absorption spectrometer for
determination. The transient signal was monitored for quantitative analysis.
Total chromium was determined after the reduction of Cr(VI) to Cr(III) with hydroxylamine, according to Isshiki et al.27 as follows: 2 mL of 2 mol L−1 hydrochloric acid was added to 80 mL of sample,
followed by the addition of 1 mL of 60 g L−1 hydroxyl ammonium chloride. The solution was left at room
temperature for at least 20 min. The pH of the solution was adjusted to ∼6.5 with 1 mol L−1 NaOH and the
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volume was made up to 100 mL with distilled water. The total chromium was then determined by FI-AAS.
The Cr(VI) in the sample was calculated by the diﬀerence between the values of total chromium and Cr(III).

Results and Discussion
Properties of the chelating sorbent based on alumina coated surfactant
The anionic surfactant, SDS, was strongly adsorbed on positively charged γ-alumina surfaces in slightly
acidic media.31 In preparation of the sorbent, the concentration of SDS was ﬁxed at approximately 6.9 ×
10−3 M, which is below the critical micelle concentration (8.0 × 10−3 M). Above this concentration, the
excess of SDS forms micelles in the aqueous solution that are not adsorbed on alumina surfaces. Similar
to chemically bonded alkylsilane moieties, the sorbed SDS molecules on alumina provide a hydrophobic
environment on alumina surfaces.32 When SDS-coated alumina particles were shaken with the solution of
oxine, the ligand was homogeneously trapped on the hemimicelles or admicelles, which were formed by
the surfactant on alumina surfaces. The chelating sorbent was stable for several weeks and was used for
preparation of the microcolumn.

Optimization of preconcentration procedure
The main factors that aﬀected the preconcentration process were pH of the sample solution, ﬂow rate, length
of the microcolumn, type of eluent, and the volume of the loading and eluent solutions. In order to establish
the best chemical and ﬂow conditions for deposition and elution of the analyte, the procedure was optimized
by univariable method.
The eﬀect of the sample pH on the sorption of Cr(III) and Cr(VI) onto the column was studied by
varying the pH between 1 and 9 (Figure 1). Cr(III) was quantitatively retained in the pH 6-8 range. At pHs
< 6, the formation of the chelate of Cr(III) and the ligand were not complete and the decrease in response
at higher pHs was probably due to the formation of hydroxide of the metal. It was conﬁrmed that Cr(VI)
was not retained at the pH 1-9 range.
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Figure 1. The eﬀect of sample pH on the recovery of Cr(III) (a) and Cr(VI) (b). Cr(III) and Cr(VI) solution: 500
µL, 1 µg mL−1 ; eluent volume: 400 µL.

The eﬀect of length of the microcolumn on eﬃciency of analyte deposition was investigated and a
3-cm microcolumn was found to be suﬃcient for deposition of 3.5 µg of Cr(III) from 10 mL of solution.
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Various eluents, such as nitric acid, hydrochloric acid, acetone, and acidiﬁed ethanol, were tested.
It was found that 20% ethanolic solution of 1.5 mol L−1 hydrochloric acid is the most suitable eluent for
this purpose. The inﬂuence of the volume of this solution on the quantitative recovery of Cr(III) from the
microcolumn was studied by varying the volume between 100 and 500 µL. Total recovery of Cr(III) was
achieved with 350 µL of eluent; however, in order to ensure the quantitative recovery of the analyte, a
volume of 400 µL was chosen for subsequent work.
The eﬀect of the sample ﬂow rate during the loading step was studied. The results shown in Figure 2
indicate that at a ﬂow rate > 6.0 mL min−1 the signal response is independent of ﬂow rate. This conﬁrmed
a rapid and eﬃcient uptake of Cr(III) by the microcolumn. Subsequent sample loading was performed at a
ﬂow rate of 5.0 mL min−1 .
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Figure 2. The eﬀect of sample ﬂow rate on retention of Cr(III). Cr(III) solution: 10 mL, 0.1 µg mL−1 ; pH : ∼6.5 ;
eluent volume: 400 µL.

The performance of the ﬂow system was investigated using 30 ng mL−1 of Cr(III) solution at a sample
ﬂow rate of 5.0 mL min−1, and preconcentration time varied from 2-20 min. The analytical signal increased
proportionally with the preconcentration time, up to 20 min, and then leveled oﬀ at longer preconcentration
times.
The eﬀect of the eluent ﬂow rate in the range of 1.0-7.0 mL min−1 was studied. A virtually linear
increase in peak height was observed, which leveled oﬀ at a ﬂow rate > 3.5 mL min−1 . The decrease in peak
height at ﬂow rates < 3.5 mL min−1 is due to peak broadening observed at low ﬂow rates. The relative
independence of response from the solution ﬂow rate in the range of 3.5-5.0 mL min−1 indicates the fast
kinetics of exchange of the elution process. A ﬂow rate of 4.0 mL min−1 was selected for further studies.
The capacity of oxine-coated alumina was determined by the batch method. Thus, 1.0 g of oxinecoated alumina was added to 50 mL of solution (pH ∼6.5) containing 2.5 mg of Cr(III). The mixture was
shaken with a mechanical shaker for 30 min and then ﬁltered through a sintered glass funnel. The amount
of chromium left in the ﬁltrate was determined by FASS. The capacity of the sorbent was 1.23 mg g−1 .

Study of interferences
The eﬀect of common coexisting ions on the determination of 20 ng mL−1 of Cr(III) was investigated by
the recommended procedure. The results are summarized in Table 1. A relative error < 5% was considered
to be within the range of experimental error. At the given concentration, most cations and anions did not
interfere in the determination of Cr(III) at trace level.
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Table 1. The eﬀect of diverse ions in the determination of Cr(III). Cr(III) concentration 20 µg L−1 ; concentrated
volume 10 mL; pH 6-8; ﬂow rate 5 mL min−1 .

Ions
Mg2+ , Ca2+ , K+ , Na+
2−
3−
Br− , NO−
3 , SO4 , PO4
2−
2+
2+
−
Ba , Zn , Cl , CO3
Cd2+ , Mn2+ , Ni2+
Al3+ , Pb2+ , Co2+
Cu2+
Fe3+
a

Tolerance limit
Mole ratio
1000a
1000a
500
200
40
20
10

Maximum value tested

Analytical performance
A typical absorbance-time response for the sequential injection of a standard solution [400 µL of 1 µg mL−1
Cr(III)] and eluent (400 µL) is given in Figure 3a. For comparison, the equivalent transient signals for direct
injection and pneumatic nebulization of the sample [1 µg mL−1 Cr(III)] are also included (Figure 3b and
c). The relatively narrow and intense elution response (Figure 3a) relative to the signal for direct injection
(Figure 3b) indicates a degree of preconcentration for the microcolumn sample processing, even though
the same volume (400 µL) of solution was used in the deposition-elution steps. In terms of peak height
of conventional nebulization and peak height of sequential injection with the microcolumn, a dispersion
coeﬃcient of 0.5 was calculated. By comparing the area of the signals of the microcolumn elution peak
(Figure 3a) and direct injection (Figure 3b), a recovery of more than 97% was obtained with a single
injection of eluent.

Figure 3. Absorbance-time response for (a) through-column injections of Cr(III) solution (400 µL, 1 µg mL−1 ; pH
= 6.5) and eluent (400 µL), (b) direct injection of Cr solution (400 µL, 1 µg mL−1 ), and (c) conventional nebulization
of Cr solution (1 µg mL−1 ).
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The system showed linearity within the concentration range of 1-100 µg L−1 of Cr(III) and a sampling
volume of 35 mL. The calibration graph under the optimum chemical and ﬂow conditions has the equation
A = 0.00372 C + 0.0011 (C = chromium concentration, µg L−1 ), and a correlation coeﬃcient of 0.9998.
By using direct aspiration in FAAS, without preconcentration, the linear range for Cr(III) determination took place between 100 and 5000 µg L−1 (A = 0.000038 C + 0.00016). The experimental preconcentration factor,33,34 calculated as the ratio of the slopes of the calibration curves obtained with and without
preconcentration, was 98 for a 35-mL sample. The theoretical preconcentration factor was 88, which further
conﬁrmed that a degree of response enhancement occurs during the microcolumn sample processing.
The relative standard deviation (RSD) of 8 replicate measurements for 40 ng mL−1 of Cr(III) with a
sample volume of 35 mL was 3.3%.
The limit of detection, deﬁned as the concentration of Cr(III) that gives a response equivalent to 3
times the standard deviation of the blank, was 0.16 ng mL−1 for processing 35 mL of distilled water.

Application
The applicability of the proposed procedure for quantitative determination of chromium species was ﬁrst
checked in aqueous solutions by analyzing various mixtures of Cr(III) and Cr(VI). Table 2 shows that nearly
all Cr(III) and Cr(VI) are recovered from the mixture, and the procedure could be used for speciation of
chromium.
Table 2. Determination of Cr(III) and Cr(VI) in synthetic mixtures.

Added (µg L−1 )
Cr(VI) Cr(III)
0
10
10
0
10
10
20
10
10
20
20
20

Found (µg L−1 )a
Cr(VI)
Cr(III)
0
10.2 ± 0.3
9.8 ± 0.2
0
10.1 ± 0.5
10.4 ± 0.4
19.8 ± 0.4
10.3 ± 0.3
9.8 ± 0.2
19.8 ± 0.2
20.1 ± 0.4
19.4 ± 0.7

Sample volume: 35 mL
a
Average and standard deviation of 3 determinations

Thus, the proposed method was validated using certiﬁed reference material BCR 544 (lyophilized
solution) for both species. The results of this investigation, together with certiﬁed values, are given in Table
3. It is obvious that there is good agreement between the results and accepted values.
Table 3. Determination of Cr(III) and Cr(VI) in certiﬁed reference material BCR 544a .

Certiﬁed value (µg L−1 )
Foundb (µg L−1 )

Cr(III)
26.8 ± 1.0
26.3 ± 0.7

Cr(VI)
22.8 ± 1.0
23.2 ± 0.6

a
b

Lyophilized chromium solution [Cr(III), Cr(VI)]
Average and standard deviation of 3 determinations

Furthermore, the procedure was applied to the determination of Cr(III) and Cr(VI) in wastewater
samples. The reliability of the method was checked by recovery experiments. The obtained results are given
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in Table 4. Recovery values are in the range of 97%-102%, which demonstrates the applicability of the
method to the determination of chromium in water and wastewater samples.
Table 4. Determination of Cr(III) and Cr(VI) in wastewater samplesa .

Sample
1
2
3

Added (µg L−1 )
Cr(III) Cr(VI)
0
0
10
10
0
0
10
10
0
0
10
10

Foundb (µg L−1 )
Cr(III)
Cr(VI)
8.0 ± 0.2 11.4 ± 0.3
17.7 ± 0.5 21.5 ± 0.6
39.2 ± 0.6 67.4 ± 0.8
49.1 ± 1.3 77.2 ± 1.2
12.9 ± 0.4 24.1 ± 0.8
23.1 ± 0.6 33.9 ± 1.3

Recovery (%)
Cr(III) Cr(VI)
97

101

99

98

102

98

Sample volume: 35 mL
a
Samples were taken from electroplating facilities located east of Tehran
b
Average and standard deviation of 3 determinations

Conclusion
Oxine immobilized on a surfactant-coated alumina microcolumn presents a new alternative for trace determination of chromium(III) and total chromium in an FI-AAS system. The preconcentration factor of 98
achieved in this method makes it a very sensitive procedure for the determination of chromium in natural
and wastewater samples. The proposed method proved to be simple, rapid, and reliable for chromium determination in wastewater samples. Future work will be directed toward assessment of the multi-element
enrichment capability of oxine immobilized on a surfactant-coated alumina sorbent.
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